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Abstract 

Unparticle contributions to the recently measured decay mode Bg — )• are analyzed. We 

consider only the scalar unparticles because vector unparticles are expected to provide negligible 
contributions. Assuming that the relevant coupling constants are real, we present allowed regions 
of coupling constants and the scaling dimension of the scalar unparticle. While the measured value 
of the branching ratio is very close to the standard model predictions, one cannot exclude the 
possible contributions from unparticles. 
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Recently the LHCb collaboration reported the first evidence for the decay Bg — /U+yU 
and an upper limit on Bd — )• as [l| 

Br(E, ^ fi+fi-) = {3.2tli) X 10-9 , (1) 
Bi{Bd i^^fi') < 9.4 X 10"^° . (2) 

The result is quite consistent with the standard model (SM) predictions 

Br{Bs Ai+/i-)sM = (3.23 ± 0.27) x lO'^ , 
Br{Bd ^ /x+/i-)sM = (1.07 ± 0.10) x 10"!° . (4) 

The decay of Bg ji^ is very sensitive to new physics because in the SM the process 
occurs only through the loop contributions. However, it would be too early to declare that 
there are no newphysics at all. Implications of the new observation in view of new physics 
can be found in 3|-|5|. In this paper, we examine the unparticle effects on Bg — )■ ^~ decay. 

Unparticle is a hypothetical concept associated with the scale invariance at high energy 
scales {g]. According to the unparticle scenario there is a scale-invariant hidden sector, and 
it couples to the SM particles very weakly at high energy scale Ku. When seen at low energy, 
the hidden sector behaves in different ways from ordinary particles. That's the reason why 
the stuff is called as unparticles. In other words, unparticles behave like a fractional number 
of particles. 

Consider a ultraviolet (UV) theory in the hidden sector at some high energy ~ with 
the infrared (IR)-stable fixed point. It is quite convenient to describe the interaction between 
the UV theory and the SM sector in an effective theory formalism. Below the scale of Mk, a 
UV operator Cuv interacts with an SM operator Osu through OsmOuy / M^^^'^'^^'^''^ , where 
(iuv(sM) is the scaling dimension of Cuv(sm)- Through the renormalization flow, one can go 
down to a new scale An. It appears through the dimensional transmutation where the scale 
invariance emerges. Below Ak the theory is matched onto the above interaction with the 
new unparticle operator Ou as 

^^J^^^Td^^sMOu , (5) 

where (Ik is the scaling dimension of Ou and Cu is the matching coefficient. The value of 
du is not constrained to be integers because of the scale invariance. This unusual behavior 



of unparticles is reflected on the phase space of Ou- The spectral function of the unparticle 
is given by the two-point function of Ou as 



where 



= A,J{PyiP')iPy--' , (6) 



is the normalization factor. The corresponding phase space is 



d^P) = Pu{P')^, = A,J{Py{P'){Pr^-'^^ , (8) 
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and the propagator is given by 

/ d'x e^^-(0|TO^(x)Oi(0)|0) = Z.^^; ,JZ%-<^u ' 
J 2sina2^7r (P^ + ze)"' 



Hl2| 



where = (rf^ - 2)7r. 

i? physics is a good test bed for the unparticle effects [7|,l8j, including Bg-Bg mixing 
(see also [fs], [3 for meson mixing). One reason is that unparticles can contribute to the 
flavor changing neutral current at tree level. 

For simplicity we only consider the left-handed currents coupled to scalar unparticles 
through 

= ^^'^^^(1 - ^s)? d^Ou + - 75)^ df-Ou , (10) 

where Cg^i are dimensionless couplings. We assume that Cg^i are real numbers. We do not 
consider vector unparticle contributions because they are expected to be highly suppressed. 
One can infer from Eq. (fTOj) that the scalar unparticle contribution is proportional to ~ 
(1/A^)'^", or more exactly (as will be shown later), ~ (m^__/A^)^". But the vector unparticle 
couples to the SM current as 

-^g'7.(l-75)go^ (11) 

where dy is the scaling dimension of O^, and its contribution is ~ {rn^^J Af^Y^'^^. But 



the unitarity constraints require that dij > 1 and dy > 3 15|, resulting in much more 
suppression of the vector contribution |l2|. 



Gf = 1.16638 X 10-5 GeV-2 
a-^ = 127.937 
\Vu\= 0.0407 

= 105.658 MeV 
mB,= 5.3667 GeV 
/b^ = 234 MeV 



sin2 Ow = 0.23116 

Vtb = 0.999 
(/'is = -3.123 
mt = 163.2 GeV 

TB, = 1.497 ps 
Ku = 1000 GeV 



TABLE I. Input parameters used in this paper. Here a ^ 
scheme, and (pts is the phase of Vts- 

The total decay rate of Bg — > /^"""/i" is now given by 
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mz) ^ , nit = fnt{mt) in the MS 
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where 'H^jjr is the SM effective Hamiltonian, while the unparticle effective Hamiltonian T-L^jj^ 
is 



sin rfi^vr V 
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Now the branching ratio can be written as 



Br{B, -> /i/i) = BrsM 1 + 



■u 



■SM 



Here BrsM is the SM prediction and 
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where = m^/m^, Y{x) = riyYo^x), and 



X - A 
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r]Y = 1.0113 



(13) 
(14) 

(15) 
(16) 

(17) 



^ \_x — 1 {x — 1)2 

In Table [H we summarize the input values used in this analysis. With the values of Table 
[H one gets BrsM = 3.54 x 10"^, which is consistent with other literatures. To compare the 
theoretical prediction with the experimental result, one should consider the non-zero decay 
width effect of 5, meson 



leHlSl]. According to [17|] 
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FIG. 1. Allowed region in du-Cf plane. 

where 



^ = 0.088 ± 0.014 . (19) 



Here 



A.r ^ , (20) 

where Rh{l) exp — r^j^^t is the decay rate of the heavy (hght) mass eigenstate. In our 
case of Eq. f lT3l) (pseudoscalar leptonic operator) with real couphngs, one can easily find 
that = 1 [isl- In light of Eq. ( !T8|) . we should compare the theoretical prediction with 

(1 - ys)Bi{B, ^ /iV")exp = (2.9li:f) X 10"' ■ (21) 

Equation fl2T]) is the reference value for our analysis. 

As can be seen in Eqs. (fT3l) and (ITSl) . the fermionic couplings of the scalar unparticle 
appear only in combination of Cg ■ q = Cf. Figure [1] shows the allowed values of c/ and du 
constrained by the measured branching ratio, Eq. ([T]). The behavior of Fig. [1] can be inferred 
from the Eqs. dH]) and (Il5]). Note that Au is proportional to (niBjAu)^'^'^ ^ (2.88 x lO"^)"^", 
which suppresses the unparticle contribution to the total branching ratio significantly for 
1 < du < 2. Thus for larger values of du, the value of c/ can be large to fit the experimental 
result. As shown in Fig. [H for du > 1.4, all the region of < c/ < 1 is allowed. That 
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FIG. 2. Allowed values of Cg and q for 1.0 < du < 1.1 (pink), 1.1 < du < 1.2 (blue), 1.2 < du < 1.3 
(green), and 1.3 < du < 1-4 (red). For dy ^ 1.4, almost all the values of < Cq^t < 1.0 are allowed. 

is the reason why we show only the case when 1 < du < lA in Fig. HJ Figure [2] shows 
the allowed region of (cg, q) for different values of du < 1-4. The region is symmetric with 
respect to Cq = q since the couplings only appear in form of Cg ■ q. Note that the red 
points corresponding to 1.3 < du < 1.4 cover almost all the space of < Cq^i < 1.0. Current 
analysis is done for Ku = 1 TeV. For larger values of Ku) unparticle contribution gets smaller 
by {tjibJ AuY'^'^ and the allowed parameter space would become larger. 

In conclusion, we have investigated the unparticle effects on Bg — )■ decay. The ex- 

perimental result is quite consistent with the SM, but it does not mean that there is no room 
for new physics. In this analysis only the scalar unparticles are considered because vector 
unparticles are expected to give negligible contributions. Assuming that scalar unparticles 
couple to the left-handed current, we provided the allowed regions of the couplings Cg^ and 
the scaling dimension du for a fixed Au = 1 TeV. Since the unparticle contributions are pro- 
portional to {rriBjAu)'^'^'^ , the allowed parameter space of Cq^e gets larger for large du- The 
upper bound on Bi^Bd — )■ Ai+yU~) of Eq. would not give strong constraints on the model 
parameters, since the SM prediction of Eq. (jl]) is almost an order of magnitude smaller. But 
if the branching ratio Br(i?rf — )■ /x^/i^) is measured in near future, a combined analysis with 

6 



Bs — fi~^fi would give some hints on the flavor structure of unparticle interactions. 
ACKNOWLEDGMENTS 

The author thanks Kang Young Lee for his reminding of the subject and helpful discus- 
sions. This work is supported by WCU program through the KOSEF funded by the MEST 
(R31-2008-000-10057-0). 



[1] RAaij et al. [LHCb Collaboration], Phys. Rev. Lett. 110, 021801 (2013). 
[2] A. J. Buras, J. Girrbach, D. Guadagnoli and G. Isidori, Eur. Phys. J. C 72, 2172 (2012). 
[3] A. Arbey, M. Battaglia, F. Mahmoudi and D. M. Santos, Phys. Rev. D 87, 035026 (2013). 
[4] D. Guadagnoli and G. Isidori. [a?Xi^l302.3909l [hep-ph]. 

[5] A. J. Buras, R. Fleischer, J. Girrbach and R. Knegjens. larXiv:130 _3,382_0J [hep-ph]. 

[6] H. Georgi, Phys. Rev. Lett. 98, 221601 (2007); Phys. Lett. B 650, 275 (2007). 

[7] C. H. Chen and C. Q. Ceng, Phys. Rev. D 76, 115003 (2007). 

[8] R. Mohanta and A. K. Giri, Phys. Lett. B 660, 376 (2008). 

[9] R. Mohanta and A. K. Giri, Phys. Rev. D 76, 075015 (2007). 
[10] A. Lenz, Phys. Rev. D 76, 065006 (2007). 
[11] J. K. Parry Phys. Rev. D 78, 114023 (2008). 
[12] J. -P. Lee, Phys. Rev. D 82, 096009 (2010). 
[13] X. Q. Li and Z. T. Wei, Phys. Lett. B 651, 380 (2007). 

[14] S. L. Chen, X. G. He, X. Q. Li, H. C. Tsai and Z. T. Wei, Eur. Phys. J. C 59, 899 (2009). 
[15] B. Grinstein, K. A. Intriligator and L Z. Rothstein, Phys. Lett. B 662, 367 (2008). 
[16] S. Descotes-Genon, J. Matias and J. Virto, Phys. Rev. D 85, 034010 (2012). 
[17] K. De Bruyn, R. Fleischer, R. Knegjens, P. Koppenburg, M. Merk and N. Tuning, Phys. Rev. 
D 86, 014027 (2012). 

[18] K. De Bruyn, R. Fleischer, R. Knegjens, P. Koppenburg, M. Merk, A. Pellegrino and N. Tun- 
ing, Phys. Rev. Lett. 109, 041801 (2012). 



7 



